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Abstract 
Most enterprises have not been able to establish a changeable factory or rather a changeable company yet. One of the main reasons 
for this is the absence of suitable systems to evaluate the economic sustainability of changeability in companies. This paper wants 
to lead the way and provide assistance to value changeability by presenting changeability types and a Sustainable Business 
Resilience Model based on proven financial instruments, which will be assigned in a novel way to the strategic enterprise level. 
Within the Sustainable Business Resilience Model, the understanding of financial instruments based on risk hedging needs to be 
modified to include a consideration of opportunities. 
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1. Introduction 
The traditional competitive advantages of European 
manufacturing companies, such as quality, a high level 
of reliability, and innovative technologies are no longer 
drivers of sustainable business success on globalized and 
ever volatile markets. Other economic regions catch up, 
being able to boast lower labor costs and higher labor 
productivity [1],[4]. But the trend towards more and 
more volatile and unpredictable demand fluctuations [3] 
also opens up new opportunities to differentiate from 
competitors [1], [2], [3], [6].  
Previous flexibility approaches prove to be 
insufficient today: they focus too much on individual 
operations, on machines and their technical and 
logistical periphery, and on their integration into the 
information processing environment. Flexible 
manufacturing was directed at small and medium 
quantities and maximizing technical application and 
extending the period of use. It was all about 
technological developments. Future competitive 
opportunities, however, go together with a 
comprehensive structural changeability of the entire 
production system. This refers both to organization and 
technology and is mainly characterized and supported by 
advanced information and communication technology 
[13]. Well-prepared companies like this can adapt 
themselves very fast and efficiently beyond the limits of 
existing flexibility even when faced with turbulence 
such as fluctuations in quantity and order mix [1], [6]. 
Flexibility is understood as a production system’s 
ability to adapt to a changing framework. This can be 
achieved by a pre-defined, planned set of measures for 
adapting to changes within a defined area. The provision 
of excessive flexibility should always be critically 
examined from a business point of view. If production is 
meant to be economically viable, companies cannot 
provide infinite flexibility. However, the planned 
flexibility would be insufficient if the capacity available 
for a certain production volume is too low to manage a 
market-driven change in quantity demand [5], [7]. 
Changeability, by contrast, is understood as the 
potential for implementing, when needed, organizational 
and technical changes by using the provided corridors of 
flexibility [5], [7]. So, the maximum flexibility corridor 
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must be clearly distinguished from the cost-effective 
changeability corridor. The objective is to determine a 
changeability corridor, which provides sufficient scope 
for different, varying flexibility corridors [Figure 1]. 
 
Fig. 1. Flexibility vs. changeability 
To adapt organizational and technical structures, i.e. to 
shift flexibility corridors, is usually a matter of business 
planning. Trends in the operating profit, forecasts, as 
well as internal and external developments that were 
made use of, motivate managers to take actions, for 
instance to invest in new production capacity or to shut 
them down, or to kick off projects for organizational 
adaptations. In the face of increasingly unforeseeable, 
drastic changes in order situation and order mix, the 
right strategy is to continuously plan changeability steps 
(in situ-planning). It must also cover projections or 
forecasts including medium- and long-term operational 
goals [13]. 
Different kinds of costs need to be considered when 
creating and economically evaluating changeability. 
Apart from the time required to implement 
changeability, costs arise from enabling changeability, 
such as capital investment, and, most of all, from 
adapting the organizational structure.  
Reliable forecasts, assumptions, and strategic decisions 
are prerequisite for economically viable changeability 
corridors. This is the only way to determine the costs for 
the creation of changeability corridors and for a faster 
repositioning of flexibility corridors within the 
changeability corridor.  
At the same time, the benefit from enabling 
changeability needs to be quantified. This benefit is 
based on the concept of resilience. In academia, some 
scholars trace the concept of resilience to the child 
behavior literature where it is used to describe a child 
who is positive, focused, flexible and proactive, despite 
exposure to extremely challenging and stressful 
environments [11], [14]. Other scholars trace the notion 
of resilience to the field of materials science where it is 
used to describe the ability of a material to recover its 
original shape following a deformation [12] [15].Yossi 
Sheffi analyzes the high impact and low probability of 
disruptions and says that companies must at first identify 
the risk typologies and levels to create a resilient 
organization [12]. In the business environment and with 
a view to changeability, this understanding of resilience 
must be extended. So, resilience will be defined in the 
following as the ability of manufacturing companies to 
bring about positive business results in spite of a reduced 
ability to plan ahead, extremely volatile markets, and 
constant turbulence.   
To evaluate the cost of changeability versus its benefit in 
the form of additional resilience, this paper draws on the 
analogy of future contracts. Similar to the manufacturing 
industry, the financial market forms a complex system of 
many different players, objects and mechanisms. The 
difficulty for both sectors is that future events cannot be 
reliably predicted. To hedge against unpredictable risks, 
the financial business uses, for example, conditional 
future contracts.  
Accordingly, the costs for providing changeability 
corridors are identical with the premium paid by a 
manufacturing company to hedge against future events. 
The premium which has to be paid for this mainly takes 
the form of investments for highly flexible machinery 
and the qualification of the workforce. Apart from the 
premium for providing changeability, it is necessary to 
consider the running costs for maintaining the 
changeability corridor and for implemented 
changeability steps.  
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Fig. 2. Costs of changeability 
The objective of the approach presented in the following 
is to help dimensioning the changeability corridors in 
manufacturing companies. In principle, it provides a 
mental framework for business decision-making on the 
road to changeability. 
2. Option trading 
A future contract is a financial term characterized by the 
time difference between conclusion and performance of 
a contract. Future contracts include purchase, exchange, 
forward transactions or option contracts and are 
distinguished from spot transactions. On the spot market, 
financial instruments are traded for delivery on a 
settlement date that lies two days forward. This is why 
all transactions with a different settlement date are called 
future contracts. Future contracts can be defined as 
contracts concluded today while the negotiated terms 
and conditions are fulfilled at an agreed date in the 
future [9] 
Apart from the settlement date, future contracts can also 
be classified by the type of business transaction. Usually, 
a distinction is made between unconditional and 
conditional future contracts. Unconditional future 
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contracts  are forward transactions, with buyer and seller 
entering into binding obligations. The buyer commits 
(long: obligation to buy) to purchase a specified 
underlying at a prearranged price and at an agreed future 
date, while the seller (short: obligation to sell) commits 
to deliver. It is also possible to exchange payment 
obligations instead of the underlying assets [10]. 
There are two stages of potential profits and losses in 
option trading. The first stage covers the conclusion of 
the option deal. This includes the sale or purchase of an 
option right and the payment of the option premium by 
the buyer. At the second stage, the option right is either 
exercised or it expires. The execution brings about the 
sale or purchase of the traded securities upon payment of 
the contractually agreed strike price [9].  
In buying a call option, the buyer anticipates an increase 
of share prices (long call) and is given a theoretically 
unlimited profit potential, while the loss potential is 
calculated from the payment of the option premium. If 
the spot rate at the settlement date exceeds the value of 
the underlying, the buyer will exercise the option, but if 
it falls below the underlying, it makes no financial sense 
to exercise the option [9], [10]. The next figure 
illustrates this relationship. 
  
Fig. 3. Potential profit and loss in buying a call option [9] 
3. Changeability types  
To be able to compare different scenarios in this 
Business Resilience Model and allow for the positioning 
of potentially changeable companies, it first takes to 
define different changeability types. To this end, the 
conditional future contracts described above, which are 
well-known and tested in the financial business, are 
translated to the strategic enterprise level. To better 
understand the model, it is better to distance yourself 
from the original understanding of the financial 
instruments, which trace back to risk hedging. In terms 
of changeability, this kind of risk evaluation should be 
transformed into an evaluation of opportunities and 
capabilities. 
If changeability is understood as the capability to shift, 
expand or reduce the flexibility corridor maintained in 
case of need, the sheer combination of these options 
provides nine ways to adapt the flexibility corridor. In 
the following, these adaptations are called ‘changeability 
types’. Since the topic is an increase of changeability, 
the focus is on the positive risk averse, constant risk 
averse, and positive conservative type of changeability 
(Figure 4). As in Figure 1, the x-axis shows the time t, 
while the y-axis represents the requirements, for instance 
quantity.  
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Fig. 4. Types of changeability 
The changeability types most significant to this study 
topic will be looked at in detail. The variable ‘output in 
units’ will be assigned to the y-axis to facilitate 
understanding.  
The positive risk averse type anticipates to sell more or 
less units in the future. Through his strategy, he wants to 
profit from an economic upturn or offset an economic 
downturn. The name of this changeability type implies 
that the positive risk averse hedges against uncertainties 
through a larger flexibility corridor. And in case of more 
volatile sales quantities, such a flexibility corridor, 
shifted upwards and expanded, could become necessary 
to come to terms with strongly fluctuating quantities. 
The conservative risk averse will not shift the flexibility 
corridor. Instead, he will expand it both in positive and 
negative direction. Simply by expanding the corridor, 
the conservative risk averse obtains a certain safety 
buffer to profit both from a positive market development 
and to compensate for negative developments.  
The last changeability type to be described is the standby 
position which is identical to the writer described before. 
The standby position does not change the existing 
flexibility corridor. Instead, he avoids any investment 
that could arise through changeability. At the same time, 
he cannot benefit from any positive market 
developments or offset negative market developments. 
Another aspect to be considered in positioning 
changeable companies is the ‘period of change’. This 
term designates the necessary time it takes from the 
current state, in terms of the existing flexibility corridor, 
to the target state of changeability. Three ideal types can 
be derived: ad-hoc, rapid and slow changer. The ad-hoc 
changer can change within an unbelievably short time 
span, while the slow changer accomplishes the change 
very slowly only as a great deal of effort is involved. 
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The rapid changer can quickly adjust to change. The ad-
hoc changer is an ideal type which probably does not 
exist in everyday business. In practice, the types are 
confined to rapid and slow changers. The changeability 
types described before are represented as ad-hoc 
changers. However, these changeability types can also 
be represented by other types of changers.  
4. Evaluation models 
Changeability would not be needed in industrial practice, 
if the maintained flexibility corridors were sufficiently 
large. Since such a corridor is very uneconomic and 
therefore mostly out of the question in practice, the idea 
is not further considered here. Instead, the concept of 
optimum changeability is promoted. Here, the balance 
for each company between maximum and optimum 
changeability must be found. To evaluate the optimum 
degree of changeability and the suitability of specific 
types of changeability, a cost-benefit model is 
introduced. 
5. Cost model 
The cost model presents a first approach to identify the 
optimum degree of changeability, while exclusively 
analyzing costs. The model illustrates the connection 
between changeability, investment costs of 
changeability, and the cost of change. The less 
changeable a company, the lower the investment costs. 
The latter are rising with increasing changeability. The 
cost curve of change takes the opposite direction. If a 
company is positioned as not changeable, the costs at the 
beginning of change are very high; for a changeable 
company, however, they are very low. Aggregating the 
cost of change and the investment cost of changeability 
will result in changeability-related total costs. The curve 
of changeability-related total costs is parabolic. At the 
lowest point of the curve, the optimum costs of 
changeability can be found. 
The model is divided into five areas: The standby option 
covers companies that make no or little investment. The 
radical change area represents a different extreme, where 
companies invest a lot to achieve a maximum of 
changeability. Moreover, there is an area of cost-
effective changeability, which lies near the optimum 
change. Insufficient change and excessive change are 
found below or above the area of cost-effective 
changeability and touch the extreme areas. Figure 5 
shows the modified cost model. 
The model is solely based on a cost analysis and does 
not consider any other benefits of changeable 
positioning. Thus, when viewed under cost aspects, a 
company might be in the area of optimum costs though it 
lies far outside the economic optimum. This is the case, 
for instance, if companies can manufacture at very low 
cost through suitable measures but cannot serve 80% of 
the market. Therefore, it is necessary to include other 
variables apart from costs in a model for evaluating 
changeability. 
Apart from the mentioned points, the cost model should 
be able to verify if the changeability types are suitable to 
achieve the desired changeability. 
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Fig. 5. Cost model of changeability  
6. Sustainable business resilience model 
The Sustainable Business Resilience Model serves as a 
starting point for evaluating the suitability of change 
enablers in the context of changeability. Change enablers 
are changeable methods, which increase the 
changeability of a company.  
Change enablers are selected with a view to how much 
they enable the favored changeability type to achieve the 
appropriate degree of changeability. This means a 
change enabler ideally represents a specific type of 
changeability. Since it is not the purpose of this work to 
review countless change enablers, all change enablers 
are summarized under the corresponding type of 
changeability so that the Sustainable Business Resilience 
Model is explained on the ideal changeability types. The 
model makes it possible to verify if the change enabler 
or type actually achieves the benefit the company 
expects from its implementation. 
The aim of combining the changeability types with the 
Sustainable Business Resilience Model is to provide a 
novel and practicable business tool for developing 
strategies in the field of changeability. 
Before an investment in changeability is made, 
companies have to decide what basic changeability type 
is best suited for the current company situation. To 
improve the basis for decision-making, scenarios are 
used to compare different types of changeability. The 
Sustainable Business Resilience Model is presented by 
comparing the two changeability types of standby 
position and constant risk averse. 
Based on the previous findings, the model to evaluate 
the changeability types regarding the required 
changeability is presented. The conditional future 
contracts described at the beginning provide the basis for 
this. 
The changeability required by the market is represented 
on the x-axis, and on top of it a positive or negative 
development of the sustainable business resilience and 
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of the economic success is indicated on the y-axis. 
Positive resilience is understood as properly anticipated 
changeability, supporting the sustainable business 
continuity. Negative resilience, on the other hand, puts 
the sustainable business continuity at risk, since the 
required changeability potential was misinterpreted. The 
model does not show the development over time, but 
illustrates the static view of conditional future contracts. 
On closer inspection, the standby position type is not a 
real changeability type, since the available flexibility 
corridor is maintained. It rather demonstrates what is to 
be expected in the future if the company does not invest 
in changeability but continues to work only with the 
given flexibility corridor and means [cf. Figure 5]. 
The »development of resilience« curve of the standby 
position differs very much in its shape from the other 
changeability types. If the required changeability 
remains within the maintained flexibility corridor, the 
resilience value of this changeability type is positive. 
But if the required changeability exceeds the existing 
flexibility corridor, the resilience value drops, like a unit 
step function, to the negative. Since maintaining 
flexibility is associated with costs, they affect the 
economic success. Analog to conditional future 
contracts, they can be regarded as a premium which the 
company pays to achieve a positive resilience value in a 
defined flexibility corridor. Thus, a local low at the 
normal level of required changeability is reached. If the 
required changeability drops out of the normal level, the 
economic success will reach its maximum at the 
boundaries of the flexibility corridor. After that, the 
economic success decreases and, similar to the sale of a 
short call, can take on a theoretically infinite negative 
value of economic success [cf. Figure 6]. 
                  
Fig. 6. Sustainable business resilience: standby position 
By contrast, the constant risk averse changeability type 
achieves a changeable position by expanding the 
flexibility corridor both in negative and positive 
direction to achieve the required anticipated 
changeability. Accordingly, developments of the 
required changeability, shown as line in Figure 7, can be 
offset if they remain part of the changeable position of 
the company. If the required changeability drops out of 
this corridor, the framework of changeability available to 
the company is insufficient. The scenario in Figure 7 
shows that a company can depart from the normal level 
(0%). The company changes according to the strategy of 
the constant risk averse and will be able in the future to 
master the increased required changeability from normal 
level. Figure 7 displays this scenario graphically. 
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Fig. 7. Changeability type: Constant risk averse  
Similar to the standby position, the “development of 
resilience” curve of the constant risk averse looks like a 
unit step function. Due to the investment in 
changeability, it is different in the higher resilience value 
which applies to the changeability corridor. 
A higher resilience value requires a changeability 
corridor, necessitating both fixed and variable costs. The 
costs of change management also need to be added to the 
investment costs, as more communication and 
transparency become necessary. So, the increase in cost 
reduces the economic success of the company at the time 
of the investment (normal level ؙ 0% required 
changeability). This circumstance refers to the 
understanding of buying a call option. It results in a local 
low at normal level. With increasing and decreasing 
changeability, the latter develops positive right to the 
maximum, which is defined by the limits of the available 
changeability. If the required changeability oversteps the 
changeability corridor, the economic success decreases 
and can take on a theoretically infinite negative value. 
                  
Fig. 8. Sustainable business resilience: Constant risk averse 
After looking at the »development of resilience« and the 
economic success of standby position and constant risk 
averse, the two changeability types can be compared by 
the Sustainable Business Resilience Model. Figure 8 
illustrates the comparison of the changeability types. 
What strikes the eye is the difference in the resilience 
value of the two changeability types. The difference in 
the established resilience value can be calculated from 
the difference of the integrals of the functions of the 
standby position and the constant risk averse. The 
difference of the integrals is defined for the standby 
position by the maintained flexibility and for the 
constant risk averse by the maintained changeability.  
The constant risk averse pays for the increased resilience 
value by a low economic success value at normal level, 
taking the form of a premium. This enables him to 
369 T. Bauernhansl et al. /  Procedia CIRP  3 ( 2012 )  364 – 369 
 
benefit from both a positive required changeability and 
in the negative field to master the required changeability. 
By contrast, the economic success value of the standby 
position is more positive. The higher economic success 
value remains valid only for the area between the 
interfaces of both curves [cf. shaded area].  
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Fig. 9. Sustainable business resilience: comparison of changeability 
types  
The fields outside the interfaces illustrate the more 
positive success of the constant risk averse [cf. hatched 
areas]. Accordingly, companies with changeable 
corporate positioning can both achieve a positive 
resilience value and, from a certain degree of required 
changeability, achieve more positive economic results 
that would not be possible in the standby position. 
The decision on which changeability strategy, in terms 
of changeability types, to apply mainly depends on the 
anticipation of changeability required in the future and 
the reliability of forecasting. Another aspect included in 
strategic decision-making is the willingness to invest and 
the capital intensity of the chosen changeability method. 
7. Summary 
In ever more dynamic and turbulent markets, an 
appropriate degree of changeability guarantees 
sustainable business continuity. A novel approach was 
presented to evaluate the appropriate degree of 
changeability, based on the changeability types, the cost 
model and the Sustainable Business Resilience Model, 
which basically draws on the conditional future 
contracts. 
The changeability types cover all conceivable corporate 
positions in terms of changeability. In addition to the 
changeability types, three different types of changers 
were defined, with the aim of the required period of 
change being to approximate to the ideal type of the ad-
hoc changer. 
The first method presented to identify the optimum 
degree of changeability exclusively focused on costs and 
was based on the cost model. The intrinsic weaknesses 
of the cost model led to the development of the 
Sustainable Business Resilience Model. This is the first 
model that makes it possible to validate the suitability of 
changeability types with regard to the optimum degree 
of changeability. Scenarios were used to compare 
different changeability types, while the model itself 
indicates the development of sustainable business 
resilience and economic success. Positive resilience is 
understood as properly anticipated changeability, 
supporting sustainable business continuity. Negative 
resilience, by contrast, endangers sustainable business 
continuity, since the required potential for changeability 
was misinterpreted. In an illustrative application of the 
model, the changeability types of the standby position 
and of the constant risk averse were compared. The 
decision on which changeability strategy to apply, in 
terms of changeability types, mainly depends on the 
anticipation of changeability required in the future and 
the reliability of forecasting. Another aspect included in 
strategic decision-making is the willingness to invest and 
the capital intensity of the chosen changeability method. 
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